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ORIGINAL ARTICLE 

Maternal history of diabetes is associated with increased 
cardiometaboHc risk in Chinese 

CHT Tam\ Y Wang\ J Luan\ HM Lee\ AOY Luk^'^ GE Tutino\ PCY Tong^'^'^ APS Kong^'^'^'^ WY So^'^'^ JCN Chan^'^'^''' and RCW Ma^'^'^''' 

OBJECTIVE: Positive family history is associated with increased type 2 diabetes {T2D) risk, and reflects both genetic and 
environmental risks. Several studies have suggested an excess maternal transmission of T2D, although the underlying mechanism 
is unknown. We aimed to examine the association between maternal diabetes and cardiometaboHc risk in the offspring. 
METHODS: Parental history of diabetes and clinical data including anthropometric traits, fasting plasma glucose and insulin (FPG, 
FPI), blood pressure and lipid profile were collected from 2581 unrelated Chinese offspring (2026 adolescents from a population- 
based school survey and 555 adults from a community-based health screening programme). A subset of subjects (f7 = 834) 
underwent oral glucose tolerance test to measure the glucose and insulin concentrations at 0, 15, 30, 60 and 120 min for evaluation 
of the areas under the curve (AUG) of glucose and insulin at 0-1 20 min, homoeostasis model assessment of insulin resistance 
(HOMA-IR) and bell-cell function, insulinogenic index, insulin sensitivity index (ISI) and oral disposition index (Dl). 
RESULTS: A positive parental history of diabetes was associated with increased risk of obesity (odd ratios (OR) (95% confidence 
interval (CI)) = 1.48 (1.10-2.00)), central obesity (OR (95% CI) = 1.67 (1.21-2.32)), higher FPI, HOMA-IR, 2-h insulin, AUG of glucose at 
0-1 20 min, triglycerides, reduced ISI and Dl. Compared with individuals without parental diabetes, offspring with diabetic mother 
had significantly increased risk of obesity (OR (95% CI) = 1.59 (1.07-2.35)), central obesity (OR (95% CI) = 1.88 (1.23-2.88)), higher 
glucose levels and BP, were more insulin resistant but also had impaired first-phase insulin response and worse lipid profile. 
However, paternal history of diabetes had no effect on any of the studied traits, except higher body mass index, waist 
circumference in females and FPG. 

CONCLUSIONS: Our findings suggested that maternal history of diabetes conferred increased risk of cardiometaboHc abnormalities, 
and was associated with both insulin resistance and impaired first-phase insulin secretion. Further investigation into the mechanism 
of transgenerational diabetes is warranted. 
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INTRODUCTION 

With the adoption of a modern lifestyle and the lack of physical 
activity, there has been a twofold increase in the prevalence of 
type 2 diabetes (T2D) in China during the last two decades.^ T2D is 
a multifactorial disease resulting from the interaction between 
genetic and environmental factors, leading to insulin resistance 
and p-cell dysfunction.^ The genetic component has been strongly 
supported by the familial clustering of the disease in multiple 
populations.^"^ These studies have shown that a positive family 
history (FH) of diabetes is associated with an increased risk of 
T2D^"^ and an earlier age of onset in the offspring.^"'" Moreover, 
a study conducted in Singapore demonstrated the association 
between FH of T2D and the presence of cardiometaboHc risk 
factors, including obesity, increased homoeostasis model 
assessment of insulin resistance (HOMA-IR), fasting triglyceride 
(TG), and reduced high-density lipoprotein (HDL) cholesterol and 
homoeostasis model assessment of p-cell function (HOMA-P).^ 

Recently, evidence of excess maternal inheritance of T2D has 
accumulated from epidemiological studies and animal models. For 
example, our previous study observed a higher frequency of diabetes 
in mother than in father among T2D patients.^ Moreover, women 
with gestational diabetes have been more frequently reported to 
have a diabetic mother than a diabetic father.^ ^ Animal models also 



demonstrated the effect of maternal diabetes on impaired glucose 
tolerance in their offspring.^^ Some^*^'^^^ but not all^'^'^^"^° studies 
reported that offspring with maternal history of diabetes are more 
likely to develop diabetes and cardiometaboHc disorders such as 
obesity, impaired glucose tolerance, insulin resistance, 
hyperinsulinaemia and dyslipidaemia compared with those with 
paternal history of diabetes. However, only limited data are available 
on the association between the parental history (PH) of diabetes and 
cardiometaboHc risk. Therefore, we aimed to examine the 
associations of cardiometaboHc risk factors with (1) PH of diabetes 
(at least one parent diagnosed with diabetes); (2) paternal history of 
diabetes; (3) maternal history of diabetes; and (4) biparental history of 
diabetes in two independent cohorts of Chinese adolescents and 
adults. Finally, we estimate the odd ratios (ORs) (95% confidence 
intervals (CIs)) for obesity and central obesity by comparing subjects 
with PH of diabetes to those without PH of diabetes. 



MATERIALS AND METHODS 

Subjects 

The study design, ascertainment, inclusion criteria and phenotyping of the 
study subjects have been described previously.^^"^^ All subjects were of 
southern Han Chinese ancestry residing in Hong Kong. Our study cohorts 
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consist of 2309 adolescents and 559 adults selected from a population- 
based school survey for risk factor assessment and a community-based 
health screening programme, respectively. All participants or parents of 
adolescents were asked to complete a questionnaire including questions 
on FH of diabetes. We did not document the age at which the parents 
were diagnosed with diabetes. Positive PH was defined as having at 
least one diabetic parent. To estimate the parental transmission of 
cardiometabolic traits, participants with a positive PH of diabetes were 
further divided into three groups: (1) paternal history was defined as 
having only father with diabetes; (2) maternal history was defined as 
having only mother with diabetes; and (3) biparental history was defined 
as having both parents with diabetes. These groups were mutually 
exclusive. We excluded 283 (12.3%) adolescents and 4 (0.7%) adults with 
unknown diabetes status of their parents. Finally, 2026 adolescents (mean 
age 15.6 ±2.0 years, 45.5% male) and 555 adults (mean age 43.5 ±8.2 
years, 48.3% male) were included in the subsequent analyses. This study 
was approved by the Clinical Research Ethics Committee of the Chinese 
University of Hong Kong. All participants or parents of adolescents gave 
written informed consent as appropriate. 

Clinical studies 

All study subjects were examined in the morning after an overnight fast. 
Anthropometric indices including body weight and height (BW), waist and 
hip circumference (WC and HC), and systolic and diastolic blood pressure 
(SBP and DBP) were measured. The body fat percentage (FAT) was 
measured by bioimpedence analysis (Tanita Corp., Tokyo, Japan). Body 
mass index (BMI) was calculated as weight (kg) divided by squared height 
(m^). Waist-hip ratio (WHR) was calculated as WC (cm) divided by HC (cm). 
A random spot specimen of urine was collected for the measurements of 
albumin-creatinine ratio (ACR). Fasting blood samples were collected for 
the measurements of fasting plasma glucose and insulin (FPG and FPI), as 
well as lipid profile (total cholesterol, TG, HDL cholesterol and low-density 
lipoprotein cholesterol ). HOMA-IR was calculated as (FPI x FPG)h-22.5, and 
HOMA-p was calculated as FPI x 20^(FPG - 3.5).^^* 

A subset of the subjects (279 adolescents and 555 adults) also 
underwent a 75g oral glucose tolerance test (OGTT) to measure the 
glucose and insulin concentrations at 0, 15, 30, 60 and 120min. Areas 
under the curve (AUC) for glucose and insulin during OGTT at 0-120min 
were calculated using the trapezoid rule. Insulinogenic index was assessed 
as (insulin during OGTT at 30 min — 0 min)H-(glucose during OGTT at 
30min — Omin).^^ Insulin sensitivity index (ISI) was estimated using the 
formula proposed by Matsuda and DeFronzo:^* 1 0 OOOn-square root of 
[FPG X FPI X (mean glucose during OGTT) x (mean insulin during OGTT)]. 
Oral disposition index (Dl) was calculated as (insulin during OGTT at 
30 min - 0 min)H-(glucose during OGTT at 30 min - 0 min)H-HOIVlA-IR.^' 

In adolescents, overweight or obesity was defined on the basis of the 
age- and sex-specific cutoff for BMI from an international survey.^^ Central 
obesity was defined using the 90th percentile of WC or adult cutoff if 
lower.^^ In adults, overweight and obesity were defined as BMI ;^25 and 
>30 kg m^^, respectively. Central obesity was defined as WC >90cm for 
male or 80 cm for female.^' 

Statistical analysis 

All statistical analyses were performed using SPSS for Windows v.18 (SPSS, 
Chicago, IL, USA). Two-tailed P-values <0.05 were considered statistically 
significant. 

Data are presented as percentage (n), mean±s.d. or geometric mean 
(95% CI) (where appropriate). FPI, HOMA-IR, HOMA-p, insulin concentra- 
tions during OGTT at 0, 15, 30, 60 and 120 min, insulin AUC during OGTT at 
0-1 20 min, insulinogenic index, ISI, Dl, TG and ACR were log transformed 
due to skewed distributions. Each cardiometabolic trait was winsorized 
separately in adult and adolescent cohorts by replacing the extreme values 
with four s.d. from the mean. In total, 0.25% and 0.31% of data in 
adolescents and adults were replaced, respectively. 

Within each cohort, associations between cardiometabolic risk factors 
and PH categories were tested by multiple linear regression analysis, 
adjusted for sex and age. Three dummy variables were used to code for 
the PH categories (paternal, maternal and biparental history of diabetes) 
and each group was compared with the group without diabetic parent. We 
conducted the logistic regression analysis to estimate the ORs with 95% CIs 
for dichotomous traits (overweight or obesity and central obesity). To 
combine the results from the two cohorts, meta-analyses under fixed- and 
random-effects models were performed by weighting the p-coefficient of 
each study using the inverse of their variance. Cochran's Q statistic and F 



index were used to assess heterogeneity of effects across cohorts. The 
Q test informs us about the presence versus the absence of heterogeneity, 
whereas F index quantifies the degree of heterogeneity in meta-analysis. 
F values around 25, 50 and 75% would mean low, medium and high 
heterogeneity, respectively. Multiple testing of phenotypic traits was 
corrected by a sharper Bonferroni procedure suggested by Hochberg.'"' 

RESULTS 

Cohort description 

The demographic characteristics of the participants are sumnnar- 
ized in Table 1. Annong 2026 adolescents, 1861 (91.86%) subjects 
had no PH of diabetes, whereas 95 (4.69%) had a diabetic father, 
69 (3.41%) had a diabetic mother and 1 (0.05%) had two diabetic 
parents. In this cohort, the prevalence of T2D, obesity and central 
obesity were 0.05%, 13.0% and 7.4%, respectively. Among 555 
adults, 41 1 (74.05%) subjects had no PH of diabetes, whereas 45 
(8.11%) had a diabetic father, 84 (15.14%) had a diabetic mother 
and 15 (2.70%) had two diabetic parents. In this cohort, the 
prevalence of T2D, obesity and central obesity were 6.8%, 32.3% 
and 24.5%, respectively. Tables 2 and 3 show the cardiometabolic 
characteristics of the individuals stratified by parental diabetes 
status. 

Effect of PH of diabetes on cardiometabolic risk factors 
Of the adolescents, a positive PH of diabetes was significantly 
associated with higher BW, BMI, WC in female, WHR, FAT, FPI, 
HOMA-IR but lower Dl (0.001 3 <P< 0.0393) (Table 2). Among 
adults, a positive parental diabetes was associated with higher 
BMI, FPG, FPI, HOMA-IR, 2-h glucose, glucose AUC during OGTT at 
0-1 20 min (Figure 1 and Supplementary Table 1), SBP, DBP, TG, 
low-density lipoprotein cholesterol and lower body height, ISI and 
Dl (2.1 X 10"''<P<0.0488) (Table 2). In the meta-analysis, we 
observed significant associations for body height, BW, BMI, WC in 
male and female, HC, WHR, FAT, FPI, HOMA-IR, 2-h insulin, glucose 
AUC at OGTT 0-1 20 min, ISI, Dl and TG (2.6 x 10" = <P<0.0495) 
under the absence of heterogeneity between the two cohorts 
{P>0.05 in Q test) (Table 2). The differences in BMI, HOMA-IR, ISI 
and Dl still remained significant after correction of multiple 
comparisons. 

Paternal and maternal transmission of cardiometabolic risk factors 
Next, we examined the paternal and maternal transmission effect 
on cardiometabolic traits. Adolescents with a maternal history of 
diabetes had significantly higher BW, BMI, FAT, FPI, HOMA-IR and 



Table 1. Demographic characteristics of 2026 and 555 Chinese 
adolescents and adults, respectively 




Adolescents 


Aduits 


W 

Sex (male %) 
Age (years) 


2026 
45.5% (922) 
15.6 ±2.0 


555 
48.3% (268) 
43.5 ± 8.2 


Parental history of diabetes 
No parental history (%) 
Paternal history (%) 
Maternal history (%) 
Biparental history (%) 
Proportion of participants 
with OGTT data (%) 
Type 2 diabetes (%) 
Overweight or obesity (%) 
Central obesity (%) 


91.86% (1861) 
4.69% (95) 
3.41% (69) 
0.05% (1) 
1 3.8% (279) 

0.05% (1) 
1 3.0% (264) 
7.4% (150) 


74.05% (411) 
8.11% (45) 

15.14% (84) 
2.70% (15) 

1 00.0% (555) 

6.8% (38) 
32.3% (1 79) 
24.5% (136) 


Abbreviation: OGTT, oral glucose tolerance test. Data were expressed as % 
(n) or mean + s.d. 
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Figure 1. Plasma glucose and Insulin concentrations at 0, 15, 30, 60 and 120 min during oral glucose tolerance test (OGTT) in (a, b) adolescents 
(n = 279) and (c, d) adults {n = 555) stratified by parental history (yes/no). Data were expressed as mean ± s.e. Associations between glucose/ 
insulin concentrations and parental history for each time point during OGTT were shown in Supplementary Table 1. 



HOIVlA-p but lower Dl (0.001 6 <P< 0.0458) compared with those 
without PH of diabetes (Table 3). Likewise, adults with a maternal 
history of diabetes had higher BMI, WC in male, HC, FAT, FPG, FPI, 
HOIVIA-IR, 2-h glucose, 2-h insulin, glucose and insulin AUC during 
OGTT at 0-1 20 min (Figure 2 and Supplementary Table 2), SBP, 
DBP, TG and ACR, but lower body height, ISI, Dl and HDL, (2.0 x 
10^''<P<0.0482), compared with individuals with no parental 
diabetes (Table 3). In the meta-analysis, there were significant 
associations for positive maternal history of diabetes with higher 
BW, BMI, WC in male, HC, WHR, FAT, FPI, HOIVIA-IR, H0MA-|3, 2-h 
glucose, 2-h insulin, glucose and insulin AUC during OGTT at 0- 
120 min, SBP and TG, as well as lower ISI, Dl and HDL (2.0 x 10"^ 
<P< 0.0444) (Table 3). Conversely, a paternal history of diabetes 
had no effect on any of the cardiometabolic traits, except for the 
higher FPG levels in adults (P= 0.0461), as well as higher BMI 
(P= 0.0367), WC in female (P= 0.01 07) and FPG (P= 0.0427) in the 
combined analysis (Table 3). Associations between maternal 
history of diabetes and BMI, WC in male, FPI, ISI and Dl remained 
significant after considering multiple testing. When we compared 
the cardiometabolic traits between offspring with diabetic mother 
to diabetic father, significant associations were still observed for 
higher WC in male, FPI, HOMA-IR, HOMA-p, 2-h glucose, 2-h 
insulin, SBP, DBP, ACR, as well as lower ISI, Dl and HDL in either 
individual or combined cohorts (Supplementary Table 3). Among 
adults, we also found that offspring with two diabetic parents 
have more impaired p-cell function indicated by the increased 
glucose AUC during OGTT at 0-1 20 min (Figure 2 and 
Supplementary Table 2) and the reduced insulinogenic index 
and Dl compared with those without parental diabetes (Table 3). 

Associations of obesity and central obesity with PH 
Lastly, we investigated the transmission pattern of obesity and 
central obesity according to the diabetes status of parents. 
Subjects with at least one diabetic parent are more obese 



(OR (95% CI) = 1.48 (1.10-2.00) in overall) and centrally obese (OR 
(95% CI) = 1.67 (1.21-2.32) in overall) than those without parental 
diabetes (Figures 3a and b). In addition, subjects with diabetic 
father had increased odds of central obesity of 1.69 (95% 
CI = 1.06-2.70 in overall), whereas subjects with diabetic mother 
had ORs of 1.59 (95% CI = 1.07-2.35 in overall) and 1.88 (95% 
CI = 1.23-2.88 in overall) for obesity and for central obesity, 
respectively, compared with offspring without PH of diabetes 
(Figures 3a and b). 

DISCUSSION 

T2D has been recognized as a familial disease, passed through 
from one generation to the next. Recently, several Caucasian 
studies have indicated that the gender of a diabetic parent may 
be an important factor in the transmission of the disease to the 
offspring. In our previous study, we have found evidence 
for familial clustering of diabetes and maternal influence on 
increasing total cholesterol level in Chinese patients with T2D.^ 
Here we further investigated the effect of parental diabetes on the 
cardiometabolic traits, which are useful predictors for the 
development of T2D, in two Chinese cohorts consisting of 2026 
adolescents and 555 adults. 

In this study, we have confirmed that a positive PH of diabetes 
conferred increased risk of cardiometabolic abnormalities, includ- 
ing obesity, central obesity, hyperinsulinaemia, hyperglycaemia, 
insulin resistance, impaired first-phase insulin response, hyperten- 
sion and dyslipidaemia, in Chinese. Our findings are in line 
with most of the earlier studies in other populations, which 
demonstrated familial aggregation of diabetes and related 
phenotypes.^"^'''^ For example, Abbasi et al.^^ reported that PH 
of diabetes is associated with higher BMI, WC, HC and BP, whereas 
a Korean study found that offspring with parental diabetes have 
increased risk for abnormal glucose homoeostasis, compared with 
offspring without PH.^ On the other hand, a study conducted in 
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Figure 2. Plasma glucose and Insulin concentrations at 0, 15, 30, 60 and 120mln during oral glucose tolerance test (OGTT) In (a, b) adolescents 
(n = 279) and (c, d) adults (/i = 555) according to parental history categories of diabetes. Data were expressed as mean±s.e. Associations 
between glucose/Insulin concentrations and parental history categories for each time point during OGTT were shown In Supplementary Table 2. 



Italy showed that T2D patients with parental diabetes were 
younger at diagnosis and more likely to be Insulin-treated than 
those without familial diabetes.^" In the EPIC-lnterAct study,^ 
a higher frequency of positive FH was observed among T2D 
patients with more risk alleles In a genetic score. Nevertheless, the 
genetic score alone explains only 2% of the FH-assoclated risk of 
T2D,^ suggesting that more genes and/or Interactions between 
them have yet to be detected. Taken together, these suggest that 
positive PH of diabetes In fact reflects the Interaction between 
genetic and shared environmental/lifestyle factors. 

Of note, we found that the effect of parental diabetes Is largely 
confined to the maternal side. Our results demonstrated a 
predominance of maternal Influence on the cardlometabollc risk, 
which strongly support the clinical observations of a greater 
risk of T2D transmission from the mother than from the 
father.^'^^-''^'^'*'^''-^^-^'^'^^'''^ Despite consistent findings from these 
studies. It Is worth noting that the Framlngham study and a few 
others have failed to detect such an effect.^'^'^^'"^'"^ We noted In 
our study that when compared with either the group without 
parental diabetes or the group with paternal diabetes, offspring 
with maternal diabetes were more obese, more centrally obese 
and Insulin resistant, had higher glucose levels and BP, and worse 
lipid profiles In the present study. Recently, similar findings have 
been also reported by Tan ef al.,^ Groop ef al.,^^ Ekoe et al.f^ 
Kasperska-Czyzyk et al.^^ Bjornholt et al?^ and Sasaki ef o/.'"' In 
addition, we found that positive maternal history of diabetes was 
associated with Impaired first-phase insulin secretion (at 0-30 min 
during OGTT). Interestingly, our finding Is In agreement with the 
observation reported by Praveen ef al.l" Otabe et o/.'*^ and 
Kasperska-Czyzyk ef al!^^ that maternal diabetes was associated 
with a trend towards lower Dl (0-120mln) and p-cell dysfunction. 

Several possible mechanisms have been proposed to explain 
the greater effect of maternal diabetes than paternal diabetes. 
Recent data reported by Harder ef al. and Omar ef al.^^'^° observed 



a higher prevalence of T2D on the maternal-grandmaternal line 
than on the paternal-grandpaternal line among the T2D patients. 
Several studies also showed that a younger onset of maternal 
diabetes (that Is, diabetes present in women of child-bearing age) 
was associated with an Increased risk of impaired glucose 
tolerance or T2D In the offspring.^'^'^^ Furthermore, the classical 
study in Pima Indians by Pettitt ef al. had noted the deleterious 
effect of gestational diabetes on the offspring. Including obesity 
and abnormal glucose tolerance, which In turn may contribute to 
pass on the risk for developing the same problems through 
subsequent generations. Taken together, these findings point 
towards a genetic background of T2D contributed by mutations or 
deletions of maternally Inherited mitochondrial DNA. Other 
potential mechanisms Include epigenetic changes, the role of 
Imprinted genes whose expression Is determined by the parent 
that contributed them, as well as postnatal lifestyle, which may be 
preferentially influenced by the mother. Interestingly, there Is 
evidence also suggesting the importance of the Intrauterine 
environment (that Is, maternal nutrition) and maternal weight gain 
during pregnancy for the development of T2D in the offsprlng.^^ 
Although the maternal diabetes status defined in the present 
study was not necessarily diagnosed before or during pregnancy, 
a mother who Is diagnosed with diabetes after pregnancy Is more 
likely to be predlabetic or insulin resistant at the time of her 
pregnancy and perhaps present an abnormal Intrauterine 
environment to their offspring. 

In this study, the maternal history of diabetes was consistently 
associated with obesity. Insulin resistance and loss of first-phase 
Insulin secretion in both adolescents and adults. We further noted 
adverse effects of maternal diabetes on BP, lipid profiles and ACR 
In adults, although we failed to observe the same In adolescents. 
This may be due to the stronger Influence of confounding factors, 
such as age or lifestyle, compared with that of the Intrauterine 
environment or genetic factors. In addition, due to the younger 
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Figure 3. Association of degrees of parental history with risl< of (a) overweight or obesity and (b) central obesity adjusted for sex, age and/or 
study. Reference groups were individuals with no reported parental history of diabetes or with paternal history of diabetes in testing maternal 
versus paternal history of diabetes. 



age of parents of the adolescents, the prevalence of maternal 
diabetes in adolescents is much lower than that in adult offspring 
(3.41% versus 15.14%). This may also explain the absence of 
associations in adolescents. 

The strengths of this study include the inclusion of two 
representative samples in Chinese adolescents and adults, as well 
as the detailed clinical assessment of the cardiometabolic risk 
factors. However, some limitations of this study need to be 



considered. First, the PH of diabetes collected from questionnaires 
is self-reported and this collection method did not allow for 
confirming the diabetes status of parents. Potential censoring and 
report biases suggested by Cox^^ could contribute to the excess 
maternal transmission observed in the present study. Therefore, 
we test for potential biases by comparing the cardiometabolic 
risk factors among responders and non-responders in adolescents 
(we did not test for the biases in adults because of the high 
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response rate). We found that the cardiometabolic traits of the 
non-responders did not differ from those of responders, except for 
BMI and WHR (Supplementary Table 4). In addition, we observed 
similar proportion of unknown paternal status and unknown 
maternal status (12.5% versus 12.3%) in adolescents. Compared 
with adults, the difference in the proportion of affected fathers 
and mothers was smaller in adolescents (affected father versus 
affected mother 4.69% versus 3.41% in adolescents and 8.11% 
versus 15.14% in adults), those for whom both parents were most 
likely to be living. However, we observed a consistent effect of 
maternal diabetes on cardiometabolic risk factors in both cohorts. 
On the whole, these results indicate that our data is a 
representative sample of the Hong Kong Chinese population. 
Moreover, our study could be further improved by obtaining 
parental BMI, diagnosed age of diabetes, history of gestational 
diabetes and information of sharing familial environment, which 
may help to dissect the underlying mechanism of the association 
between maternal diabetes and T2D. 

In conclusion, we showed that a positive PH of diabetes confers 
increased risk of cardiometabolic abnormalities in Chinese 
adolescents and adults, concordant with Caucasian studies. This 
effect is more pronounced in offspring with maternal history of 
diabetes, who are more obese, insulin resistant but also had 
impaired first-phase insulin secretion. Our studies highlight the 
need for public health schemes including targeted screening, 
lifestyle modifications and early intervention in offspring with 
parental diabetes, which may help to circumvent the vicious cycle 
of cardiometabolic defects through generations. 
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